The Galactic center provides a unique laboratory to study the interaction of a supermassive black hole (SMBH) with its gaseous and stellar environment. Simulations to determine the accretion of stellar winds from the surrounding O-stars onto the black hole have been performed earlier, but in those the presence of the S-star system was ignored. The S-stars are a group of young massive B-stars in relatively close orbits around the black hole. Here we simulate those stars in order to study their contribution to the accretion rate, without taking the more distant and massive O-stars into account. We use the Astrophysical Multi-purpose Software Environment (AMUSE) to combine gravitational physics, stellar evolution and hydrodynamics in a single simulation of the S-stars orbiting the supermassive black hole, and use this framework to determine the amount of gas that is accreted onto the black hole. We find that the accretion rate is sensitive to the wind properties of the S-stars (rate of mass-loss and terminal velocity). Our simulations are consistent with the observed accretion rate of the black hole only if the stars exhibit high wind massloss rates that are comparable with those of evolved 7-10 Myr old stars with masses of M = 19 − 25 M ⊙ . This is in contrast with observations that have shown that these stars are rather young, main-sequence B-stars. We therefore conclude that the S-stars cannot account for the accretion rate alone.
INTRODUCTION
Within the central tenth of a parsec in the middle of our galaxy there is a concentration of young stars that interact with a supermassive black hole -the S-stars (e.g. Schödel et al. 2002; Ghez et al. 2003; Eisenhauer et al. 2005; Ghez et al. 2005) . In contrast to gas, the orbits of the stars are governed by gravitation only and therefore provide an excellent tracer for the gravitational potential in our Galactic center. This unique setup provides the best measurement of the mass of a black hole to date and unambiguously confirms the existence of a supermassive black hole in the center of our galaxy (Genzel, Eisenhauer & Gillessen 2010) .
⋆ E-mail: email@address (AVR); otheremail@otheraddress (ANO) Schödel et al. (2002) and Ghez et al. (2003) carried out high resolution near-IR imaging and spectroscopy of the central region of our Milky Way. They found a star (nowadays known as S2) closely bound to a central massive object with an orbital period of 15.2 years (see also Gillessen et al. 2009a) . The monitoring of its orbit for over 10 years provided the best observation of a Keplerian orbit around a massive black hole to date. Today, the number of well-determined orbits has risen from 1 to 28 while 109 stars in total are still being monitored (Gillessen et al. 2009b ).
The S-stars in the galactic center are thought to be massive, early B-type stars and therefore should exhibit hot stellar winds (e.g. Kudritzki & Puls 2000) . These winds provide gaseous material that can be accreted by the black hole which is thought to be the source of X-ray emission close to Sgr A * . Baganoff et al. (2003) used Chandra X-ray spectroscopic imaging of the central parsec of the galaxy to measure the Bondi accretion rate of the central black hole. They found that the X-ray emission at the position of Sgr A * is extended and consistent with the accretion radius for a ∼ 10 6 M⊙ black hole (∼ 12000 au). Furthermore, they estimated the Bondi accretion rate to be ∼ 10 −6 M⊙ year −1 at the Bondi radius. This is in contrast with constraints from linear polarization measurements at 150 GHz and above which limit the accretion rate near the event horizon to ∼ 10 −7 − 10 −8 M⊙ year −1 (e.g. Bower et al. 2003 ). However, the latter estimates strongly depend on the assumption of equipartition between particle and magnetic field energy of a uniform magnetic field. Nayakshin (2005) estimated the accretion rate of Sgr. A * by looking at the pericenter passage of S2 in the year 2002. The absence of a noticeable change in the steady emission of Sgr A * suggest less dense accretion flows and constrains the accretion rates to ∼ 10 −7 M⊙ year −1 . We note, however, that this model is based on a specific accretion flow model by Yuan, Markoff & Falcke (2002) and might not be generally valid. Perets et al. (2009) simulated the evolution of the orbital eccentricities of the S-stars using N-body simulations and found that only 20-30% of the S-stars are tidally disrupted by the central supermassive black hole and that they are not likely to be ejected as hypervelocity stars by close encounters with stellar mass black holes. This suggests that the winds of the S-stars could have provided accretion material for the supermassive black hole for the last 10 -100 Myr.
A full simulation of wind accretion onto Sgr A * was performed by Cuadra et al. (2006) . In this work they studied the accretion of slow and fast winds originating from young massive O-stars in the vicinity of the supermassive black hole out to a radius of 1 pc. In their most sophisticated models, they put stellar wind sources on realistic orbits around Sgr A * , and included slow winds (vw ∼ 300 km s −1 ) as well as radiative cooling. They found that compared to models with stationary wind emitting stars, the accretion rate decreases by an order of magnitude for wind sources following circular orbits, and fluctuates by ∼ 50%. In Cuadra, Nayakshin & Martins (2008) these models were updated with observational data on orbits and wind properties on the individual stars. With the updated orbits and non-zero eccentricities they found the accretion to be dominated by a few close-by stars with slow winds (vw 750 km s −1 ) and no obvious disk-like structure.
To fit observational X-ray surface brightness profile from Chandra observations Shcherbakov & Baganoff (2010) developed a two-temperature radial inflow-outflow model for the radiation near Sgr A * . They report an accretion rate oḟ M = 6 × 10 −8 M⊙ year −1 at a stagnation radius (position of zero of velocity stagnation point) rst = 1 ′′ .01(∼ 8000 au) and a temperature at the stagnation radius of Tst = 3.2×10 7 K. These simulations and estimates, however, cover a region much larger than the S-star system and can therefore only be used as an approximate guideline to compare the results of this study.
The young massive O-stars in the vicinity of the black hole are not the only source of gas produced by stellar wind. The S-Stars are main sequence B-type stars which produce less wind but are located closer to Sgr. A * . Loeb (2004) were the first to consider the wind of the S-stars as a possible source for the accretion luminosity or at least accretion variability of Sgr. A * . Using the assumption that gas particles move on Keplerian orbits, they concluded that the S-stars could provide the gas needed to explain the accretion rate for mass loss rates around ∼ 10 −6 M⊙ year −1 . In this work we simulate the motion of the S-stars and the wind emission/accretion onto the central black hole. By combining N-body dynamics, stellar evolution and hydrodynamics we investigate the influence of hot stellar wind on the gaseous vicinity of a massive black hole that is surrounded by a number of stars on bound orbits around the black hole. Furthermore, we investigate the temperature distribution of the gas produced by the wind and the Bondi accretion rate onto the black hole. In Section 2 we describe the simulations and the individual codes it is composed of. Section 3 outlines the results of the various simulations and tests that were performed to verify the credibility of the code and in 4 we compare our results to observational data. A summary and our conclusions are formulated in Section 5.
SIMULATIONS
To simulate the accretion of stellar winds onto a central black hole it is required to combine three types of physics into one simulation, stellar evolution, hydrodynamics and gravitational dynamics. In order to do this, we use the Astrophysical Multi-purpose Software Environment (Portegies Zwart et al. 2009 Zwart et al. , 2013 Pelupessy et al. 2013, amusecode.org) . AMUSE is a software framework for astrophysical simulations, in which existing codes from different domains, such as stellar dynamics, stellar evolution, hydrodynamics and radiative transfer can be easily coupled. AMUSE uses Python to interface with existing numerical codes. The AMUSE interface handles unit conversions, provides a consistent object oriented interface, manages the state of the underlying simulation codes and provides transparent distributed computing. We have used AMUSE to combine a gravitational N-body system containing a massive black hole in the center with a Smooth Particle Hydrodynamics (SPH) code in order to simulate the behavior of stellar wind from massive stars near a massive black hole. The unique environment of AMUSE allows us to combine these codes with stellar evolution in order to obtain the ideal wind parameters and mass-loss rates for each star. Furthermore it allows a detailed analysis of temperature and density evolution in this environment and the accretion of stellar wind onto the central black hole. Our code solves the hydrodynamics and self-gravity of the gas, stellar evolution and N-body dynamics of the galactic center self-consistently. However, for the simulations presented here the most important processes are the response of the gas to the stellar and black-hole potential and the hydrodynamic response of the gas, since we only consider a limited time span.
Initial Setup
The orbital parameters of the S-stars are well constrained due to the multiple observations and monitoring of the central regions in our galaxy. In order to start with the most realistic initial conditions we take the orbital parameters of the S-stars as reported by Gillessen et al. (2009b) . Using Gillessen et al. (2009b) . For the integration of the orbits the MUSE internal gravitational code ph4 was used.
multiple epochs of proper motions in combination with lineof-sight velocities the authors measured the orbits of the 27 innermost stars and derived their orbital properties from dynamical modeling. Using the Kepler equations, the orbital parameters are corrected to Cartesian positions and velocities adopting a central black hole of M• = 4.45 × 10 6 M⊙. In Figure 1 we show the orbits of the innermost S-stars from their initial conditions projected on the plane of the sky. All of the stars were assigned the same mass of ∼ 20M⊙ and age of ∼ 9 Myr. The mass loss rate calculated with the stellar evolution model for these parameters is 10 −5 M⊙/yr and it is the same for each star.
Stellar Evolution
The AMUSE framework offers multiple stellar evolution codes ranging from semi-analytic implementations such as SSE (Hurley, Pols & Tout 2000) and SeBa (Portegies Zwart & Verbunt 1996) to 1D Henyey stellar evolution codes such as EVTwin (Eggleton 1971; Glebbeek, Pols & Hurley 2008) and MESA (Paxton et al. 2011 ). For our purposes, no complicated processes need to be considered for the stellar evolution as only mass-loss and effective temperature are important. Therefore, we use the more simple and less computational expensive code SSE. By changing one line in the script, one could use more precise stellar evolution models, but the computational cost would go up drastically.
SSE uses the polynomial fits as described in Hurley, Pols & Tout (2000) to approximate the evolution of stars for a wide range of stellar parameters from zero-age main sequence to remnant stages. It also provides information about mass-loss at each time step that is used to generate the gas particles for the stellar wind. The code was used to simulate the evolutionary path of B-type stars with a metallicity of Z = 0.02 as the galactic center is thought to be roughly solar (Maness et al. 2007 , and references therein) .
Gravitational integration
We simultaneously integrate the individual orbits of each star while evolving hydrodynamics and stellar evolution. We use ph4 (McMillan et al. 2012) for the gravitational solver which provides a parallel and GPU-accelerated Nbody integration module with block time steps (using the Sapporo -GPU library Gaburov, Harfst & Portegies Zwart 2012) using a 4th-order Hermite integration scheme (Makino & Aarseth 1992) . In order to couple the gravitational N-body code to the gas particles we use the AMUSE bridge. The bridge module provides a selfconsistent coupling between different components of a selfgravitating system using operator splitting (see Fujii et al. 2007; Pelupessy & Portegies Zwart 2012; Pelupessy et al. 2013) . In short, with bridge the gas and stars are integrated in each other's mutual gravitational field. The integration is realized via the 2nd order Verlet method which is applied every synchronization time step. In this way a system composed of multiple components is evolved self-consistently, taking the self gravity of the system as a whole into account, while choosing the most appropriate integrator for the self-gravity for each of the component subsystems.
Hydrodynamics
A crucial part of the simulation is the hydrodynamics of the gas that is produced from the stellar wind. For this, we use the particle based SPH code Fi (Pelupessy & Papadopoulos 2009 ) that solves the Euler equations for the gas dynamics using a Galilean invariant Lagrangian method. The hydrodynamics are based on a particle representation of the fluid (Monaghan 1992) , in the conservative formulation of Springel & Hernquist (2002) . The thermal evolution of the gas is either determined by an adiabatic equation of state, or by solving the heating/cooling balance of the gas, using far-UV heating and atomic line cooling (Wolfire et al. 1995; Pelupessy 2005) . For the latter we have two options: the internal cooling/heating of the code itself, or an external cooling routine that is directly executed in the AMUSE script and uses an approximation of the cooling curves. This allows us to exchange Fi with GADGET (Springel 2005) another SPH particle based code in AMUSE. Switches in the code allow the user to decide between internal, external and no cooling of the gas. The gas is modeled with a metallicity of Z = 0.02 and a dynamical smoothing length. We chose the time steps of the hydrodynamics, gravitational dynamics and stellar evolution to be one year. The kicks from bridge are calculated every half time step (i.e., every 0.5 yrs).
Stellar wind
The stellar wind is simulated using the new AMUSE module stellar_wind (van der Helm et al., in prep.) in which one can choose several wind models: The simple model contains a wind mechanism where, according to the mass loss given by the stellar evolution, SPH particles are released near the star with a temperature of 0.8T eff and a radial terminal wind velocity calculated from the stellar parameters using Equations (8), (9) and (10) in Kudritzki & Puls (2000) . The other models simulate stellar wind in special circumstances like close to the stars or in dense clustered environments.
For our purposes the first method with the simple wind model is enough to describe the system of S-stars since the closest distance to the central black hole is ∼ 100 au for S14 which is large compared to the radius of the star of ∼ 4 au. The wind is released in each time step after evaluating the mass-loss through stellar evolution. External/internal cooling is applied during each half step of the hydrodynamic simulation.
Accretion onto the black hole
To simulate accretion we make use of the concept of a sink particle. Any gas particles that pass within the accretion radius of the sink particle are considered to be accreted. Their mass, linear and angular momenta are added to those of the sink particle. The accretion radius, or size of the sink particle, is a sensitive parameter in our simulations. By varying this radius up to 7000 au (which includes almost all orbits) the accretion rate varies strongly. In the left panel of Figure  2 we show the total accreted mass after 500 years versus the accretion radius for the simulation of all the stars and the specific case of S2. The figure shows a clear trend of accretion rate with accretion radius and raises concern about the steepness of the slope. It only flattens when almost all available gas (upper line) is accreted.
In order to constrain the accretion radius of the sink particle in our simulation we compute the size of a possible accretion disc. This was done with the internal total angular momentum of the sink particle (which is tracked in AMUSE) and the mass accreted by the sink particle in each time step. The size of the accretion disc with a certain mass M and an angular momentum L around a black hole with a mass of M• when assuming a Keplerian orbit is then estimated with:
For t = 0 or phases where no accretion is happening, we set r disc manually to 0 as this would cause a division by 0 otherwise.
For different sizes of sink particles we computed the average size of the accretion disk. The result is shown in the middle panel of Figure 2 . The size of the accretion disk rises when increasing the accretion radius and therefore increasing the mass of the accreted gas. The curve shows a maximum of a disc size of 100 -200 au and decrease again at very large sink particle radii. Another estimation for the ideal accretion radius can be seen in right panel of Figure 2 where we plot the radial distance of each star as a function of time. The closest approach of 100 au is reached by S14 in 2047. The accretion disc should not be larger than the closest approach of the S-stars. Considering all facts above we find that an accretion radius of racc = 100 au seems to be the right choice. In this manner we have determined a self-consistent sink particle radius for our simulations, but in the results we present below the sensitivity with respect to this choice should be kept in mind.
Escaping particles
To reduce computational cost, we remove gas particles that are far away from the system and escaping in the absence of external forces. We identify escaping particles using three criteria: 1) position -when the distance between the particle and the black hole is larger then twice the apocenter distance of the widest orbit. 2) velocity -when the velocity of the particle exceeds the local escape velocity. 3) direction -if the radial component of the velocity is positive, so the particle is moving away from the rest of the system.
RESULTS
In this section we report on the results of the various tests that were performed with this code in order to verify its stability and convergence for different parameters. Understanding the behavior of the code for different number of particles and stars is crucial for understanding the results and their bias. In Figure 3 we show a series of snapshots from the simulation with the 27 S-stars and the column density of the gas. Note the noisy, grainy clumpy structures, visible especially in the later panels, result from the break up of the filamentary structure detaching from the winds due to ram pressure and gas piling up due to orbital changes.
Cooling vs non-cooling
The code written for this work connects stellar wind, hydrodynamics, stellar evolution and gravitational dynamics. It is used to simulate the S-star cluster in the galactic center. However, the code is open to the public and applicable to other astronomical problems. We therefore aimed at creating a general script that includes the major physical processes in this framework, including cooling. In this section we investigate the effect of the cooling for our specific scenario and argue that it is not needed for the galactic center.
The cooling was implemented in two distinct ways. The external way, i.e. an extra python routine that acts in the script and cools the gas at every time step using line cooling functions. And an internal method as it is implemented in Fi. Both methods use slightly different cooling curves (the external cooling uses an approximation to the cooling curve used by the internal cooling). The different cooling curves and computational approaches might cause differences in the final output and therefore need to be investigated. We compare the results of simulations with and without cooling with respect to global properties and accretion rates in order to understand the importance of cooling.
In the left panel of Figure 4 we show the average temperature and density as a function of time for a simulation with no cooling and two simulations with internal and external cooling for a single isolated star. The right hand panel in Figure 4 shows the same but with the star orbiting the black hole, allowing the stellar wind to collide with itself and to heat up through shocks. The figures show considerable differences in the temperatures and density only for the simulations with a single isolated star. For simulations with a star in motion around the black hole or multiple stars the cooling prescription adopted has no effect. The interactions between the stellar winds cause enough shock heating to overcome the cooling and maintain the temperature above 10 7 K. At these temperatures the cooling times are on the order of ∼ 1 Myr, which is much longer than the dynamical timescales of the problem.
Convergence
Performing simulations with many particles is challenging and one has to find a good compromise between having a realistic simulations with as many (gas) particles as possible and performing the simulations in a reasonable time frame on computers that are available. Therefore it is crucial to perform convergence tests to find the minimum number of particles for which the physical properties of the system are not varying with particle number anymore. Our gas particle numbers are governed by the mass of individual particles (Mgas). Since the mass loss of the stars remains the same throughout the simulation, a lower Mgas results in a higher number of particles that are emitted at every time step. Figure 5 shows the overall properties of the system (temperature, density and accretion) for three different values of particle masses: Mgas = 5 × 10 −4 , 10 −4 , and 5 × 10 −5 MJup (4.8 × 10 −7 , 9.5 × 10 −8 , 4.8 × 10 −8 M⊙) for a spherical area around the black hole with a radius of 1.5" (12500 au). Note, that we are not stating particle numbers but rather particle masses due to the fact that our simulations produce new particles during every time step and therefore the particle number increases steadily, even though we remove escaped and accreted particles. Figure 5 shows no difference in temperature or density when considering different particle masses in a confined volume. The largest differences can be seen in the total accreted mass especially between the highest and lowest resolution model. However, these affects remain small and we consider our highest resolution model sufficiently well converged and we do not expect further major changes in the properties of the system when adding more particles.
Contribution of individual stars
Simulating individual stars allows us to determine the accretion compared to a simulation containing all stars at once. The simulations were run for a minimum time of 500 years and a maximum of three times the star's orbital period in order to compare the accretion after completion of three orbits, and after for each star the same amount of time has passed. The longest simulation ran for 5100 years for the star S83 which has an orbital period of ∼ 1700 years. In Figure 6 we show the accretion that is contributed by each star after 500 years (upper panel) and after passing three orbital periods (middle panel) as well as the accretion as a function of pericenter distance (lower panel). Also shown in dashed and dashed dotted lines is the total accretion when summing up the individual contributions and the total accretion that is obtained when running the simulation with S14 S18 S2 S38 S31 S9 S21 S5 S33 S4 S27 S24 S17 S12 S19 S29 S8 S13 S6 S97 S96 S87 S83 S71 S67 S66 S1 S19 S24 S71 S14 S33 S29 S27 S67 S6 S5 S87 S12 S31 S8 S1 S96 S83 S66 S38 S21 S18 S17 S13 S9 S4 S2 S97 100 1000 10000 r per [au] Points without black borders mark stars that did not contribute any gas to the accretion yet (so we set the accretion artificially to a low value to keep them in the plot).
all 27 stars at once, respectively. Furthermore, the black bars mark the accretion of the individual star when run in the full simulation. The plot shows that the accretion is enhanced when letting the stars influence each other rather than run separately. This must be caused by the winds colliding and creating a violent and turbulent environments that leads to net angular momentum loss in the gas. This is also indicated by the contribution of the individual stars when simulated all together. The black bars mark the contribution of each star when they interact with each other. The order is very different from the order of most contributing stars in isolation. That strengthens the hypothesis that the accretion is enhanced through the interacting winds of the stars when simulated all together. Furthermore, the order of contributing stars changes, when normalizing by the orbital period (lower panel in Figure 6 ) which shows that the accretion rate for the stars in isolation is highly dependent on the orbital parameters of the stars. From the lower panel of Figure  6 one can see that the amount of accretion is roughly dependent on the pericenter distance but not perfectly correlated.
Other factors such as eccentricity and period might also play a role.
From these plots we conclude that the order of the stars contributing most to the accretion is different when treating them separately or together in the simulations. For the separate case the stars S14, S18, S2, S38, S31, and S9 are the largest contributors (colored bars in the upper panel of Figure 6 ), while in the combined simulation the stars S83, S13, S6, S12, S14, and S2 contribute the most (black bars in the upper panel of Figure 6 ). From these figures we also see that a single star can not be responsible for the entire accretion and at least two S-stars are necessary to obtain the total accretion. 
Evolution of the orbital parameters
The mass loss of the stars, the wind momentum and the influence of the other stars are factors that can lead to variations in the stellar orbits. We calculate the orbital parameters from the star's position and velocity using the Kepler equations. In Figure 7 we show the final derivatives of the orbital parameters as a function of the start parameters for the semi-major axis (a), the eccentricity (e) and the inclination (i). To guide the eye, we color code the individual points with their logarithmic orbital periods. Dark blue indicate small orbital periods (i.e. the darkest point indicates S2) while dark red points have very long periods. The errorbars indicate the maximum changes/fluctuations in the parameters during the simulation. We do not see any correlation between length of period and change of orbital parameters. The overall changes in the parameters of all stars are rather small and probably solely due to star-star interaction as we do not see any difference in the orbital parameters when running the same simulation without the gas. This is expected as the total gas mass is negligible compared to the stellar mass.
COMPARISON WITH OBSERVATIONS
The estimates and upper limits for the accretion rate onto SgrA * are stated in Section 1. From these references we adopt a value of 10 −7 − 10 −8 M⊙/yr. For densities and temperatures we use results from X-ray observations from the center of the Galaxy (Baganoff et al. 2003; Bower et al. 2003; Nayakshin 2005) .
Total accretion rate
The accretion rate we find in Figure 5 is marginally consistent with the one observed, being close to the upper limits derived from observations (grey shaded area Baganoff et al. 2003; Bower et al. 2003; Nayakshin 2005) . This can be caused by overestimating the mass loss rate of the stars or not treating feedback and accretion onto the black hole properly. For the latter we would need to extend our simulations to include radiative feedback, but this introduces a high computational cost. The mass loss rate of the stars, however, can be varied by varying the parameters of the stars in our code. We therefore rerun the simulations using different masses and ages of the stars. Figure 8 shows the results of these additional runs. We found that the total accretion rate is sensitive to the mass loss rate, and thus in principle we can use the simulations to constrain the massloss rate -and therefore the ages and masses of the stars. Table 1 summarizes the variations in the stellar parameters that were applied.
The accretion rate predicted by observations (grey shaded area in Figure 8 ) is traced by the simulation with 20 M⊙ stars with an age of 9 Myr as an upper limit and the simulation with 7 Myr old stars that have masses 25 M⊙ as a lower limit. The corresponding mass loss rate of this star is of the order of 10 −5 M⊙/yr. To connect masses and ages of the stars to their mass loss rate, we plot the mass loss rate of the stellar evolution code SSE as a function of age for different masses in Figure 9 . To guide the eye we add shaded area of a mass loss rate between 8 × 10 −6 M⊙/yr and 10 −5 M⊙/yr which we find, reproduces the observations well. We note that this restriction is only applicable to the S-stars contributing significantly to the total accretion rate such as S83, S13, S6, S12, S14, and S2 (see Figure 6 ).
However, these massloss rates are in contrast with Martins et al. (2008) who found a conservative upper limit of 3 × 10 −7 M⊙/yr for S02. Furthermore, as seen in Table  1 the two models that supply efficient amount to explain the accretion rate of the black hole, both require very highmass stars with extreme parameters, (e.g. high luminosities) which are inconsistent with observations. S02 being the brightest of the S-stars with a K-magnitude of ∼ 14 sets a limit to the maximal observed luminosity of < 35000L⊙ . This excludes three of the five models in Table 1 .
Temperature and density
Measuring temperatures in the galactic center requires high quality X-ray observations. Wang et al. (2013) performed 3 Ms of Chandra HETG gratings observations of Sgr A * and analyzed the 0th order spectrum to extract the properties of the central arcseconds of our Galaxy. Their best-fit temperature using a single-temperature model results in a temperature of kBT ∼ 3.5 (3.0, 4.0) keV (90% confidence interval) and an electron number density of n ∼ 110 cm −3 (private communication with Frederick Baganoff). The density depends mainly on the temperature of the cooler surrounding gas, which is not tightly constrained due to the high absorption column to the Galactic Center. The uncertainty is estimated by a factor of 2. The quiescent spectrum was extracted from a circular radius of 1.5" around the black hole. From Figure 8 (densities and temperatures of the gas within a circular radius of 1.5" i.e. 12500 au) we find the average temperature to be T ∼ 5×10 7 K and the mass density for stars that are between 7 and 9 Myr old and 20 -25 M⊙ is of the order of 10 −20 − 10 −18 kg m −3 . The temperature corresponds to kBT ∼ 4.3 keV. This is somewhat higher than observed but still within the same order of magnitude. For the densities we divide our mass densities by the molecular weight µ = mp/(X · (1.0 + xion) + Y · (1.0 + 2.0 · xion)/4.0 + Z · xion/2.0) with the proton mass mp. X = 0.73, Y = 0.25, and Z = 0.02 mass fractions of Hydrogen, of Helium, and of metals, respectively, and xion = 0.1 is the ionization fraction (0 < xion < 1), 1 means fully ionized. This transforms our mass density of ρ ∼ 10 −20 − 10 −18 kg m −3 to a number density of n ∼ 5 − 50 cm −3 . This value is smaller than the observed value especially when considering that the high density models are ruled out due to the stellar parameters in Section 3 and the densities for stellar parameters that are in agreement with the observations are as low as n ∼ 0.5 cm −3 . However, due to its high model dependence, the measured value of the density is still very uncertain. Considering the uncertainty of a factor of 2, the discrepancy between the theoretical and measured value reduces to one order of magnitude. The measurements may be improved in the future by using more complex analysis and instruments with higher resolution, but the uncertainties depending on the temperature of the surrounding gas will remain a problem.
SUMMARY AND CONCLUSIONS
We use the Astrophysical Multi-purpose Software Environment (AMUSE) to simulate the accretion of stellar wind originating from the S-stars in the galactic center onto the supermassive black hole. Using the stellar evolution code SSE, the gravitational dynamics code ph4, hydrodynamics (SPH) code Fi, and a bridge-like coupling of gas and gravity we study how much of the gas is accreted onto a spherical sink particle with an accretion radius of racc = 100 au. We find that a) the total accretion is lower when summing up the contributions of individual stars than when including all stars in the simulation, b) cooling is inefficient and the temperatures are high due to wind shocks, and c) the accretion rate is highly dependent on the stellar parameters. From point c) we are able to predict the stellar parameters of the S-stars to M = 19 − 25M⊙ and 7-10 Myr and explain the observed accretion rate without the need of the surrounding O-stars. The stars with the highest contribution to the accretion are S83, S13, S6, S12, S14, and S2.
We note that the order of the most contributing star changes when simulating the stars in isolation. As a result we cannot determine which star is the largest contributor and how many stars are necessary to obtain these accretions rates. However, we know that one star is not enough and all stars simulated together fulfill this criterion. Therefore, it can be stated that at least two, but probably more, of the S-stars have to maintain copious winds and consequently have to be in their late evolutionary phase. This, however, is in contrast with observational facts that state that the Sstars are supposedly young B-type main sequence stars. The predicted luminosity and massloss rates do not agree with observations obtained by Martins et al. (2008) . We therefore conclude that the S-stars in their present stage are not the main contributors to the accretion rate of Sgr A * and the inflow of gas from the massive O-stars is needed. However, it is most likely that the hot gas produced by the interacting winds of the S-stars might have an influence on the steady gas inflow from the O-stars and might even cause the outflow, observed by Wang et al. (2013) . This would be a very interesting topic for future work. The interaction of the two stellar wind accretion components is clearly highly complex and challenging to model, because of the large range in length and timescales involved.
When comparing temperatures and densities to recent X-ray observations, we find the temperatures satisfactorily reproduced by our simulations, but the densities are underestimated by at least one order of magnitude. The high uncertainty in the density measurements due to the dependence on the temperature of the surrounding gas, however, makes the comparison of measured and theoretical densities rather difficult.
A main weakness of the simulations presented in this work lies in the description of the accretion onto the black hole. By using a spherical sink particle without radiative transfer, the accretion and the accretion disk close to the black hole are highly simplified. Furthermore, an 'empty' sink particle such as we are using creates an under-pressure in a region of higher density and artificially enhances the accretion. Future simulations using an accretion through sink particles should use a pressurized sink particle. Figure 5 . Overall properties of the stellar system with different gas particle numbers for an area around the black hole of the size of 1.5". Shown are the evolution of the mean temperature (upper panel), the mean density (middle panel) and the accreted mass (lower panel). With the gray shaded area we mark the observed accretion rate from various sources.
ACKNOWLEDGMENTS
We thank Rainer Schoedel, Stefan Gillessen, Frederick Baganoff, Nathan de Vries and Arjen van Elteren for valuable information and discussion. Furthermore we thank the anonymous referee for valuable comments to improve the quality of this manuscript. Figure 8 . Same plot as in Figure 5 but for simulations with different ages and masses for the S-stars. Shown are the evolution of the mean temperature (upper panel), the mean density (middle panel) and the accreted mass (lower panel). With the gray shaded area we mark the accreted mass that would result from the observed accretion rate.
#612.071.305 [LGM]
). Furthermore, we thank the anonymous referee for constructive comments that improved the manuscript. 
